Casual Agents and Management of Soybean Seedling Diseases by Yang, X. B. et al.
Proceedings of the Integrated Crop Management
Conference
Proceedings of the 1995 Integrated Crop
Management Conference
Nov 30th, 12:00 AM
Casual Agents and Management of Soybean
Seedling Diseases
X. B. Yang
Iowa State University, xbyang@iastate.edu
Peter Lundeen
Iowa State University
S. S. A. Rizvi
Iowa State University
B. Q. Zhang
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/icm
Part of the Agriculture Commons, and the Plant Pathology Commons
This Event is brought to you for free and open access by the Conferences and Symposia at Iowa State University Digital Repository. It has been
accepted for inclusion in Proceedings of the Integrated Crop Management Conference by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Yang, X. B.; Lundeen, Peter; Rizvi, S. S. A.; and Zhang, B. Q., "Casual Agents and Management of Soybean Seedling Diseases" (1995).
Proceedings of the Integrated Crop Management Conference. 27.
https://lib.dr.iastate.edu/icm/1995/proceedings/27
CAUSAL AGENTS AND MANAGEMENT OF SOYBEAN SEEDLING DISEASES 
XB Yang 
Assistant Professor 
Department of Plant Pathology 
Iowa State University 
Peter Lundeen 
Research Associate 
Department of Plant Pathology 
Iowa State University 
S.S.A. Rizvi 
Post Doctorate Associate 
Department of Plant Pathology 
Iowa State University 
B.Q. Zhang 
Graduate Student 
Department of Plant Pathology 
Iowa State University 
Introduction 
Seedling diseases are among the most widely distributed soybean diseases (Sinclair and Backman, 
1989). Under field conditions favorable for seedling disease development, yield losses can be 
significant. As the use of no-till farming practices increases, there are increasing number of 
questions about potential problems of seedling disease in early planted soybean and in no-till 
soybean fields. Management of seedling diseases become an interesting topic for the soybean 
industry. In Iowa, no comprehensive survey on the causal agents of seedling disease has been 
conducted. Currently, seed treatment is the major method to control soybean seedling diseases, and 
effectiveness of the treatment relies on up-to-date information on the major causal agents. 
In the last three years, Iowa Soybean Promotion Board has supported Iowa State University to 
investigate management of seedling disease in Iowa. In this paper, we summarize our studies in 
three sections: 1) the quantitative analysis of causal agents, such information is a basic guide to 
select chemicals; 2) effects of com/soybean rotation on the selection of seedling disease pathogens, 
such information is useful to prevent future seedling diseases ; 3) management of seedling diseases 
with seed treatments. 
Quantification of Causal Agents in Iowa 
Methods. The experiments were conducted in 1993 and 1994 in Iowa. Commercial soybean fields 
under all types of tillage were surveyed. In 1993, a total of 52 arbitrarily selected field samples 
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were collected from 31 counties sampled out of 60 counties surveyed. Whereas in 1994, 66 
samples were arbitrarily collected from 57 counties sampled out of 99 counties surveyed. These 
represented a wide geographic area. The arbitrarily selected seedlings were taken from sites in a 
field where damping-off or death of seedlings was found. In each field, sampling date, soybean 
growth stage (Fehr et al, 1971), size of the disease patches, and visual stand reduction in the patches 
(percent dead seedlings, as assessed by comparison of disease areas vs healthy areas) were 
recorded. The patch sizes were designated small (less than 10 m2), medium (11-1 00 m\ and large 
(greater than 100 m2) respectively. Fifteen to 20 soybean plants which had seedling disease 
symptoms were sampled from each site by digging whole plants from the soil. Plants in each 
sample were placed in a cooler and transported to the laboratory. 
In 1993, isolations from diseased soybean seedlings were made on water agar. In 1994, water agar 
was again used for isolating fungi, as well as P10VP for Pythium spp. and Phytophthora sojae (Tsao 
and Ocana, 1969), potato dextrose agar (PDA) medium amended with 100 mg streptomycin sulfate 
for R. so/ani (Singleton etal, 1992), and Nash-Snyder (1962) for Fusarium spp. Tissues of seedlings 
were rinsed in tap water for one hr, surface disinfested for 1 min in 0.53% sodium hypochlorite, and 
then rinsed with sterile water. Three or four diseased rootlhypocotyl segments per plant, each 
measuring 0.5 em length, were plated per plate. The plates were incubated in the dark at 20°C. 
Hyphae from the edges of emerging fungal colonies were transferred 24 to 96 hr later and stored for 
further identification. 
The identification of Fusarium, Pythium, P. sojae, R. so/ani and other fungi was based on colony 
and spore morphology by following recommended keys and texts (Middlton, 1943 Waterhouse, 
1948). In 1994, P. sojae was separated from Pythium using taxonomic keys and ELISA® test kits 
for P. sojae and Pythium also were used when it was necessary. The proportions of seedlings with 
the fungus were calculated for individual fields and then summarized into climatological zones 
Results. In 1993, a total of 52 fields were sampled. Less than 10% visual stand reduction was 
recorded in 30 fields with small patches of diseased seedlings (Table 1). A range of 10 to 60% 
stand reduction was observed in 6 fields with medium patches of diseased seedlings. A total of 15 
commercial soybean fields were observed with large patches of diseased seedlings having a stand 
reduction ranging from 20% to 90%. Fields with large patches of seedling blight were mainly 
observed in central and Northwestern Iowa. In 1994, areas of diseased seedlings were usually small 
except in five fields where large patches of damping-off were observed. 
Rhizoctonia so/ani was isolated from 27.5% ofthe seedlings in 1993 (Table 1) and 27.3% of the 
seedlings in 1994 (Table 2). Fusarium spp. were isolated from 11.9% of the seedlings in 1993 and 
13.7% of the seedlings in 1994. Species of Pythium and P. sojae were cumulatively isolated from 
60.6% ofthe seedlings in 1993. In 1994 Pythium spp. and P. sojae were isolated from 31.7% and 
24.3% of the seedlings for 1994, respectively. R. so/ani isolates included anastomosis groups of 
AG-2 subgroup II, AG-2-2, and AG-4 with the latter as the predominant type. P. longicolla, R. 
stolonifer, and T viride were infrequently isolated from less than 2% of the seedlings in 1994. P. . 
longicolla was observed to be associated only with seed decay. Pathogenicity tests with R. 
stolonifer and T. viride were not run as these common soil fungi usually proliferate on isolation 
plates and are commonly considered not pathogenic. Pathogenicity tests with 82 isolates of 
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Pythium spp., 22 isolates of Fusarium spp., and 32 isolates of R. so/ani indicated that 94 percent of 
Pythium, 21% of Fusarium isolates, and 75% of R. so/ani were pathogenic. 
Interpretation for management. In both years, Pythium/Phytophthora, R. so/ani, and Fusarium 
were isolated from diseased seedlings in fields where only small patches of diseased seedlings were 
observed. For fields with medium or large patches, usually there was one dominant agent. In 1993, 
of the six medium sized patches of diseased seedlings, three of these areas were caused mainly by 
Pythium!Phytophthora, one by Fusarium spp., and two by R. so/ani and Pythium/Phytophthora. Of 
the 15 fields with large patches of diseased seedlings in 1993, seven were caused by 
Pythium/Phytophthora, one was caused mainly by R. so/ani, and disease for remaining sites was 
caused by a combination of these three fungi. 
Our study showed species of Pythium, Phytophthora sojae, and Rhizoctonia so/ani as the major 
causes of seedling disease in Iowa. Seed decaying pathogen, Phomopsis longicolla, the non-
pathogenic fungi, Rhizopus stolonifer, and Trichoderma viride also were infrequently isolated from 
diseased soybeans. Of the three major groups of fungi, Pythium and Phytophthora seem to be the 
most important components of seedling disease complex based on their frequency of isolation and 
the isolation of these fungi from medium and large patches. The two pathogens were isolated from 
over 56% of seedlings each year. Pythiuml Phytophthora and Rhizoctonia accounted for 75-90% 
of total isolations and were major causal agents in damping-off found in large patches, irrespective 
of tillage. To the growers, results from this study may provide guidance for timely seed treatment. 
In Iowa, the selection of chemicals for seed treatment should include compounds targeted at these 
three pathogens if information of causal agents in a specific field is not available. 
Two or more pathogens were isolated from diseased seedlings although there was often a dominant 
agent. Previous studies showed associations of Fusarium infections with Pythium or R. so/ani. 
For example, Datnoff and Sinclair (1988) reported the association of R. so/ani and F. oxysporum in 
causing a root rot of soybean in Illinois. Schlub and Lockwood ( 1981) also reported a regular 
association of Pythium spp. and Fusarium spp. in soybean seedlings afflicted with pre-emergence 
seedling rot in Michigan. Fusarium spp. and R. so/ani were often isolated from the same seedlings 
in 1993 and 1994. Both pathogens have been reported previously in Iowa (Dunlevy, 1961), 
Minnesota (Warren and Kemmedahl, 1993), and Mississippi (Killebrew etal 1993). Many 
Fusarium spp. may be secondary colonizers as indicated by their low level of pathogenicity in 
hypocotyl assays. 
Seedling Diseases in Rotation Fields 
Rotation is a major disease management practice. Rotation breaks the disease cycle and lowers the 
levels of disease inoculum. In the com belt, before 1960, multiple crops were used in rotation 
schemes, including oat, wheat, corn, soybean, and alfalfa. In the last twenty years, com/soybean 
rotation has gradually become the predominant scheme (Iowa Yearbook of Agriculture, 1960-1980) 
and rotation period has shortened, mainly one year com-soybean rotation cycle. Such rotation is 
called mono-rotation. The continuous use of mono-rotation may increase the selection pressure on 
some soilborne pathogens which are able to attack both rotation crops. We have observed many 
cases where Rhizoctonia or Pythium cause stand reduction in both com and soybean. In this 
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section, we address the possible effects of com/soybean rotation on seedling disease, using seedling 
diseases as an example. 
Methods. Pythium spp. were isolated from diseased soybean plants from Iowa soybean fields in 
1993-1995. Nineteen, seventeen, and eighteen counties were chosen in 1993, in 1994, and in 
1995 respectively. The lesion tissues were cut from plants and sterilized for 1 min. in 3% Sodium 
Hypochlorite solution. The surface sterilized tissues were placed on Selective medium P 10 VP for 
isolation. Pythium were identified by morphology of spores cultured in lima bean water agar media 
for seven days. 
Pathogenicity on corn and soybean of individual isolates were determined. Pathogenicity was 
tested with two methods, infestation to seeds in petri dish and infection to seedlings in greenhouse. 
Isolates were transferred to 10% water agar media and incubated for seven days. Soybean seeds or 
corn seeds were put in petri dishes. The inoculated petri dishes were put in an incubator at 1 0°C in 
the dark. Infection was rated six and eight days after inoculation for soybean and corn, 
respectively. 
The second method was to test the pathogenicity to com/soybean in greenhouse. Ten corn or 
soybean seeds were planted in the infected soil4.5 em deep in a pot. Seeds were planted in the soil 
mixed PDA as checks. Pots were incubated at 1 0°C for 7 days and the temperature was changed to 
18-20 C. After four days, the severity of infection was rated. The comparative virulence of isolates 
was recorded as percent of ungerminated seeds. 
Result. We tested the pathogenicity for 58 Pythium isolates which were obtained from these 
com/soybean rotation fields. Fifty-five percent of the isolates were highly pathogenic to both crops 
(Fig. 1 ). Our results indicate a high frequency of Pythium isolates which are pathogenic to both 
crops in com/soybean rotation fields. We also isolated Pythium spp. from fields having different 
long-term cropping sequences (17 years) at Nashua Research Farm, Iowa State University. The 
frequencies of pathogenicity to soybean were different among populations from continuous-com, 
continuous-soybean, and com/soybean rotation fields (Table. 3). 
Interpretation for management. Rotation is not considered as an effective control measure to 
Pythium because this fungus has a broad host range. The variation in host range, however, 
provides a base for selection. Hoppe (1950) and Hooker (1 953) suggested an association of the 
build-up of pathogenic Pythium spp. with cropping sequence. McCracken (1984) observed that the 
rotation of parsley with other crops, such as leeks, beet root or spring onions, and barley can reduce 
the amount of the root rot of parsley caused by P. paroecandrum. After a six-year rotation 
experiment, Dimove, et al (1988) reported that the frequencies of Pythium and other pathogens 
varied with the rotation. Wojciechowska (1988) reported that intensity of sugerbeet diseases caused 
by Pythium debasryannum and other pathogens was higher in mono-culture than in rotation. 
Schmitthenner (1962) showed high population levels of P. ultimum in crop sequences having 
soybean as the last crop, or alfalfa as the first crop. 
Rotation is a major management means for many plant diseases. To increase profitability, growers 
in the corn belt are changing to conservation tillage, shorter rotations, and fewer crops (mainly corn 
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and soybean). Com-soybean rotation is dominant practice. The change in rotation from multi-
crop scheme to mono-rotation scheme may have put this control measure into a selection process 
for some soilborne pathogens. Continued use of mono-rotation could produce pressure toward 
selection of pathogens highly pathogenic to both rotation crops. 
Management with Seed Treatment 
Except for damping-off caused by Phytophthora sojae, resistance is not available for the 
management of seedling diseases. Seed treatment is the most effective measure to control seedling 
diseases. Use of seed treatment to control soybean seedling diseases is in some way an insurance 
measure. Whether to purchase this insurance is a judgement call because to predict the risk, chance 
of soybean disease occurrence, ahead of growing season in a certain year is practically not 
available. Statewide, the prevalence of seedling disease depends on distribution of rainfall in early 
spring. In 1993 and 1994, our survey showed that less than 1% of Iowa soybean fields had stand 
establishment problems severe enough for replanting. But in 1995, the number of reports on 
Pythium damping-off to ISU Plant Disease Clinic was high, especially in southern Iowa where 
1995 spring was wet. 
We summarize part of results of chemical treatment experiments of 1994 and 1995 in Figure 2. In 
each year, six experiments were conducted at three locations known to have seedling diseases in the 
past in central and northern Iowa. We used fungicides from Ciba-Geigy, Gastfson, and Wilbur-
Elis and chemicals of each brand were tested in at least two locations and some locations had two 
fields. In 1994, five out of six experiments had some levels of increase in stand counts after use of 
seed treatment. One field known to have severe seedling disease had significant stand 
establishment advantage for treated seeds compared with non-treated (Fig. 2). In 1995, we 
established the same treatments at the same fields, same locations. 1995 spring was not ideal for 
seedling diseases at these locations and there were no significant differences between treated and 
non-treated plots at all locations. From our experiments, we can draw the following conclusions: 
1) no-till may have better emergence when seed treatment is used; 2) it seems to have no 
differences in control efficacy among chemicals from different brands as long as you use the right 
chemicals to target the right fungi; 3) the benefits of fungicide treatments are consistent if disease 
risk is high. 
With the current knowledge, plant pathologists have to use some guidelines other than models to 
assess the risk of seedling diseases in a soybean field. Following are the situations under which risk 
of seedling disease may be high: 
A. One wants to plant early in fields which had seedling diseases or replanting history in 
the last few years. Early planting when soil is cold and wet increases the chance of 
infection by fungi. The replanting history (not by causes other than seedling diseases) or 
previous seedling disease experience indicates the presence of pathogenic fungi and 
inducive conditions. 
B. One uses low quality seeds and want to plant early. Research at ISU showed consistent 
benefits of fungicide treatment if low quality soybean seeds were planted at soil temperature 
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50 F. Planting low quality seeds in cooler soil increases the risk. If one wants to plant 
early, he/she may want to fmd out the cold germination rate of seeds from the seed 
companies. If the cold germination rate is low, seed treatment could be beneficial. 
One can get commercially treated soybean seeds or one can treat his own seeds at planting. Hopper 
box treatment which is to mix fungicide with the seeds in the hopper boxes at planting, is most 
commonly used. To be effective, the chemical must be fully mixed with the seeds in a hopper box. 
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Table 1. Percentage of fungi from selected genera isolated from 
seedlings in 1993 
Zone a 
NW 
NC 
NE 
we 
c 
EC 
sw 
sc 
SE 
Meanc 
b 
c 
Number Phytoph thor a I Rhizoctonia Fusarium 
of fieldsb Pythium spp. solani spp. 
1 100 0 0 
8 53 30 17 
1 43 44 13 
5 57 28 15 
26 64 25 11 
5 42 46 12 
2 57 30 13 
1 71 25 4 
3 79 14 7 
60 . 6 27.5 11.9 
Climatological zones: NW = Northwest, NC = North-central, NE = 
Northeast. WC = West-central, C = Central, EC = East-central, 
SW = Southwest, SC = South-central, SE = Southeast. 
Soybean growth stages vl-v2. vl=completely unrolled leaf at 
unifoliolate stage; v2=completely unrolled leaf at 1st node 
above the unfoliolate node. 
Means given by sample number per region as weight factor. 
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soybean 
Table 2: Per-zone proportion of fungal pathogens identified from soybean 
seedlings in 1994 
Zone• sample Proportion of pathogensb identified 
number 
A B c D E F G 
NW 1 0.0 0.0 0.0 100 0.0 0.0 0.0 
NC 4 13.8 59.8 13.7 5.7 1.4 4.2 1.4 
NE 11 31.3 23.0 26.2 18.7 0.8 0.0 0.0 
we 9 31.0 18.1 37.5 13.4 0.0 0.0 0.0 
c 16 24.9 29.8 29.6 12.1 1.2 1.2 1.2 
EC 6 52.4 11.7 21.6 10.0 4.3 0.0 0.0 
sw 7 25.4 21.9 34.5 10.9 0.0 7.3 0.0 
sc 5 40.6 30.0 17.0 9.8 2.6 0.0 0.0 
SE 7 46.3 13.0 26.9 11.0 0.0 2.8 0.0 
Meanc 31.7 24.3 27.3 13.7 1.1 1.6 0.4 
b 
c 
Climatological zones: NW = northwest, we = west-central, SW = southwest, 
NC =north-central, C =central, sc .= south-central, NE =northeast, EC 
= east-central, SE southeast. 
Pathogens isolated :A= Pythium species, B = Phytophthora sojae, c 
Rhizoctonia solani, D = Fusarium species, E= Trichoderma viride, F 
Phomopsis longicolla, and G = Rhizopus stolonifer. 
Means were calculated using number of samples/region as a weight factor. 
Table 3. Comparison of number of isolates pathogenic to soybean 
among Pythium populations from long-term continuous corn, continuous 
soybean, and corn/soybean rotation fields 
Disease Index* 
Source of isolates 0 1 2 3 4 
Cont. corn fields 20 52 10 1 0 
Cont. soy. fields 15 27 35 13 8 
Corn/soy. rotation 5 20 19 4 3 
0 no infection, and 4 = plants were killed. 
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Figure 1. Pathogenicity of Pythium isolates from corn/soybean 
rotation fields. Individual isolates were tested for infection 
potentials to corn and soybean. Data show that if the fungi are 
aggressive to corn, it is also aggressive to soybean. 
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Figure 2. Results of seed treatment experiments conducted in 1994 and 1995 at three 
locations. Chemicals used were from three companies as indicated . For Gastfson,A2 = Rival 
4Fl . - oz., seed colorant . 4Fl. oz/cwr, A3 = Rival 3. SFl. oz., Vitavax PCNB !Fl. oz . , seed 
colorant .4Fl. oz./CWT, A4 =Rival 4Fl. oz., APRON FL(N) .75Fl. oz., seed colorant .4Fl. 
oz./CWT, AS= RTU-Vitavax-Thiram with colorant 6.8Fl. oz./CWT A and B are treated with 
same chemicals but different cultivars 
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